INTRODUCTION
Pseudorhombus arsius (the large tooth flounder) is considered among the most commercial importance fish species in Oman. Its landing in Sultanate of Oman showed a dramatic increase during the last decade to several hundred tons [17] . The study of the taxonomy of this species in general and the skeletal characters in particular have not been receiving considerable attention in this region so far.
Vertebrates show variation in the degree of regionalization of the vertebral column. Such differences in the morphology of vertebrae of different regions of vertebral column can be revealed by biometrical studies [10, 11, 4] . The vertebral column of actinopterygian fishes has two basic regions: the pre-anal abdominal region and the post-anal caudal region [7] , with marked diversity in vertebral form within these regions [2, 6, 7, 18] . The abdominal region may include, from anterior to posterior, occipital vertebrae that are incorporated into the skull through ontogeny, middle region vertebrae that are highly modified (e.g. Weberian apparatus in Ostariphysi and fused vertebrae in Syngnathoidei), and vertebrae that generally bear abdominal ribs. The uralregion includes vertebrae that bear haemal spines and ural vertebrae that bear hypurals. The locomotory function is linked to this regional pattern of vertebral structure of the vertebral column [20] .
Among the important mechanical tasks that the vertebral column gets involved in is the fish locomotion [12, 14, 26] . During the developmental stages, this structure is subjected to different types of biological strains which seem to be expressed by local and specific morphological peculiarities [4, 10, 11] . Due to the strong anatomical and functional relationship with the trunco-caudal musculature [13, 14, 23] , it is worth to study the morphological characteristics of the vertebral column in order to reveal such relationship.
Studying the morphology of the vertebral column of one more teleost species such the species in question will enrich the data base of this subject and make data available to check for morpho-functional hypotheses in this species. The aim of the present work is to study the biometry of the vertebral column of Pseudorhombus arsius collected from the Sea of Oman as there is no such information is available in the literature for this species.
MATERIALS AND METHODS
Vertebral column of 16 specimens of P. arsius ranging in total length between 140 and 220 mm, caught from the vicinity of Muscat City at the Sea of Oman on July 2009, were studied. To prepare dry vertebral columns, the fish specimens were boiled to strip the flesh off the bone. Their vertebral column was brushed in running water. After drying, the vertebrae were separated, numbered and measured with a digital 1/100 caliper. Length (VL), height (VH) and width (VW) of each vertebra were measured; the length of the vertebra represents the distance along the mid-ventral line. This measurement is considered among the factors controlling the degree of the body's flexibility; the anterior height of vertebra (VH) corresponds to the maximum vertical length of the anterior side of the vertebrae; and the vertebral anterior width (VW) represents the maximum horizontal width across the anterior surface of vertebra. From these three measurements, it is possible to establish a vertebral profile which reflects the variation of these parameters along the vertebral axis [4, 9, 17, 21] . To compensate forinter-individual variation and to facilitate future comparisons with other samples, even from other species, each vertebral measurement was converted into a vertebral index V i :
Where, P is the vertebral parameter (VL, VH and VW) and SL the standard length of the fish. Profiles of the vertebral column were drawn by plotting VL, VH and VW against the ordinal number of the vertebrae.
The number of abdominal and caudal vertebrae was counted and the mean values for each region were calculated for each individual, then the species mean was calculated for abdominal vertebral number (AVN) and caudal vertebral number (CVN). Abdominal vertebrae were defined as those that were cranial to vertebrae with separated haemal arches. The caudal region was defined as the region from the first fused haemal arch posterior to the last centrum including the ural centrum. The mean vertebral aspect ratio (AR= centrum length/ centrum width) for each region was calculated for each individual. The means were then calculated for abdominal aspect ratio (AAR) and caudal aspect ratio (CAR).
RESULTS

All
the sixteen specimens of Pseudorhombus arsius analysed here for gross morphology had 36 vertebral centra from cranial to caudal excluding the urostyle: 11 abdominal vertebrae, 26 caudal vertebrae and the urostyle ( fig. 1 ). It is possible to divide the vertebral column of the species in question into four regions: postcranial (V1-V4), middle region (V5-V10), anterior caudal region (V11-V21) and ural region (V22-V36). The limit between abdominal and caudal vertebrae is located at the level of vertebra number 11. The 6 vertebrae of middle region define the abdominal region or truncal, delimited by the presence of the gut, the two haemal arches noticeably stay separate and the haemal spine is absent. The next vertebrae or anterior caudal vertebrae belong to the tail; their haemal arches are fused from the 11 th vertebra and prolonged by a haemal spine. This latter spine is at its maximum length at V11 and decreases in length posteriorly. The anterior surface of the haemal arch is characterized by the presence of wide trough-like cavity which becomes narrower posteriorly. No intraspecific variation was noticed in the shape of vertebrae.
The centrum is made of two half spheres joined by their curved sides (Amphicoelic vertebrae), withchordal cavities connected by a thin hole. A pair of anterior processes and a pair of posterior processes protrude from the dorsal aspects of each centrum. The anterior and posterior processes are close to each other and lie 1-2 mm from one another with an external ligament bounding them together. Neural spines and arches project from the dorsal aspect of each vertebral centrum.
The first 4 vertebral centra differ qualitatively from the remaining abdominal vertebrae. The adjacent centra are joined together through the dorsal anterior processes of one vertebra which overlap to the dorsal posterior processes of the preceding vertebra, e.g. the dorsal anterior processes of the centrum of the 2 nd vertebra overlap substantially with the proximal portion of the dorsal posterior processes of the first centrum near the base of the neural spine. This overlap of processes is present for the first four vertebrae. In addition, these four vertebrae have parapophysis dorsally located relative to the parapophysis found on the abdominal rib-bearing vertebrae and located at the base of the neural spine. These ribs do not extend downwards to surround the viscera.
Vertebrae 5-10 have a typical abdominal vertebral morphology with well-developed anterior and posterior dorsal processes but gradually become less developed posteriorly to V10. In addition, the two portions of each centrum, dorsal and ventral, are connected to each other by bonetissue. In having both haemal arches and short ventrally located parapophyseal projections that articulate with ribs that extend ventrally around the viscera, vertebrae V5-V10are considered to have a transitional form. Finally, vertebrae 11-36 have a typical caudal vertebral morphology with reduced dorsal processes relative to the first 4 vertebrae, absence of ribs and parapophyseal articulations, and presence of haemal arches and spines. In the transitional and caudal regions, a prominent lateral ridge is clear along the midline of each centrum.
Fig. 1. Vertebral column of Pseudorhombus arsius showing regionalization
The vertebral column of Pseudorhombus arsius showed characteristic regionalization ( fig.2, table 1) . Firstly, the postcranial region, immediately at the back of the skull, ensures articulation with the latter and is composed of four vertebrae that present relatively important variations of their parameters. The first vertebra is a small vertebra with fine neural spine. There are no anterior zygapophyses in the first vertebra as this vertebra supports the skull; instead, it has two facets for the skull to rest on. In V2-V4, the anterior and the posterior zygapophyses are overlapped to greater degree. The development of the lateral parapophysis decreased posteriorly. Parapophyses of V1-V4 are moredorsally located relative to those of the abdominal vertebrae.
Fig. 2. Relationship between vertebral length (VL), height (VH) and width (VW) and ordinal number of vertebrae of Pseudorhombus arsius
Secondly, the middle region appears to be made up of two morphological entities: the middle region (V5-V10) and the anterior caudal vertebrae (V11-V21). Here the length of the trunk vertebrae decreases progressively until it slightly increases around the 21 st vertebra. The width of the vertebrae exhibits a reverse trend and shows an increase until the 13 th vertebra, then a steady decrease until the 21 st vertebra. Vertebrae 5-10 can be considered as transitional form with both haemal arches and short ventrally located papapophyses that articulate with ribs that extend ventrally around the viscera. Middle region vertebrae have well developed anterior and posteriorzyg apophyses. In addition, these vertebrae have ribs that extend ventrally toward viscera. At V5, a lateral bony ridge separates the dorsal and ventral portions of each vertebra.
Thirdly, the ural region includes vertebrae V22-V36. It corresponds to the caudal peduncle and is characterized by a fall of the vertebral length and width. Vertebral length falls between V33-V36, while vertebral width falls between V26-V36.
The profiles corresponding to the three parameters measured on all the vertebrae were the same in all the specimens studied. The morphometric analysis shows that the vertebral axis of P. arsiusis complex with three main regions the first two of which are further divided into two sub-regions each, according to the changes of the parameters measured.
The vertebral profile given by the variation of the vertebral length along the axis shows three minima: one anterior at V5, one at the anterior caudal region at V17 and one posteriorly at V36. Between V4 and the next maximum vertebral length value at V7 the vertebral length increases steadily and then it remains steady until V10. After that, the length of the vertebrae decreases steadily until V29 after which there is only a slight decrease at V30-V32 and then there is a further, dramatic decrease down to minimum value at V 36. The vertebral height along the axis shows three minima: in the middle region at V5, in the anterior caudal region at V17 and in the ural region at V36. The maximum value is reached at V12 after which it fluctuates until V17 where the vertebral height starts to decrease steadily until V36 where it reaches its minimum value.
There are three minima for the vertebral width: at V3, V20 and V36. A sharp decrease occurs between V1 and V3. The fluctuation of the vertebral width between V4 and V28 may be divided into three sectors. The first sector, V4-V12, shows clear but variable fluctuation of the vertebral width. The second, V13-V21 and third sectors, V22-V28, differ from each other because of the increase in vertebral column width at V21. The fluctuation of vertebral width value in the first sector is steady while that of the second and third is more variable. This value drops dramatically at V30 and reached its minimum value at V36. The total number of vertebrae of P. arsius is 36. There are 10 abdominal vertebrae and 26 caudal vertebrae. The vertebral aspect ratios for the abdominal and caudal regions are 0.71 and 0.94 respectively.
DISCUSSION
The vertebral column of Pseudorhombus arsius is a complex structure and it composed of four regions. This is evident through the biometric analysis of three vertebral dimensions, which suggests the division into the following four regions: 1) postcranial (anterior truncal); 2) middle; 3) anterior caudal; and 4) ural. The 2 nd and 3 rd regions are characterized by strong variations in vertebral parameters; in regions1 and 3, these variations are more gradual and characterized by a decrease in the length, height and width of vertebrae (region 3).
The post-cranial region, immediately at the back of the head, insures the articulation with the skull. The first four vertebrae, V1-V4, form a morphological set with specific vertebral length and height. However these four vertebrae do not show completely different morphological characteristics compared with the other vertebrae (except for the first one). For P. arsius, the first vertebra plays as anterior ventral concavity which is articulated with the basioccipital. This first post-cranial vertebra is designed to articulate with the posterior region of the skull, forming with the next vertebra a link between the two main elements of the axial skeleton, which is a function that requires some morphological specificity [20] . The following six vertebrae, V5-V10, could be considered transition vertebrae because they show an increase in the vertebral biometric parameters [21] .
The ural region starts with the 22 nd vertebra. It corresponds to the tail and is characterized by a decrease in the analyzed parameters.
As in other teleost fishes [20] , the substitution of classical anatomical truncal and caudal region by more than two regions as in the case of the species under study, P. arsius, is probably linked to the mechanical constraints of swimming. Moreover, the antero-posterior variations of the three morphological parameters studied with the sudden variations in the poscranial and ural regions on the one hand, and the maximum in the middle regions on the other, favors this hypothesis [18] . The large tooth flounder has an anguilliform mode of swimming [3, 16, 25] . It swims on its side so that the undulation is vertical rather than horizontal. A very wide body span in flatfish is achieved both by a highly compressed body and elongated dorsal and anal fins [12] . The fact that the maximum values of the parameters occur around the 11 th -13 th vertebrae can be the structural response of these vertebrae to maximal mechanical constraints.
Regarding the third region, its specific parameter variation might express the major role performed by the caudal vertebrae in the motor process of swimming. The caudal skeleton responds to the alternate contraction of the intrinsic muscles on the dorsal and ventral sides of this region, thus torsion of the caudal peduncle is generated when they move suddenly from their hiding in the bottom of the sea [1] .
The morphometric analysis of the vertebral column has revealed no significant difference between the variation of the vertebral length, height and width of each vertebra of P. arsius. Therefore, characterization of one vertebra along the vertebral column would be sufficient if it based only on one of these three parameters [4] . Furthermore, the morphology of the vertebrae of males and females are similar. This result supports that of 16 Kacemet al. (1998) on the morphology of the skeleton of Salmo salar. Similar results of regionalization of the vertebral column have been observed in fish species like Auzixthazard, where the vertebral column is divided into three morphologically distinct regions [8] and that of Lagocephalus sceleratus is deivided into five distinct regions [9] .
The regionalization in the vertebral column of the species in question might develop through differences in the length of vertebrae, which in turn may be due to different mechanisms regulating vertebral growth in each region [5] .
The similarity in the value of the aspect ratio between the abdominal and caudal regions, found in this study, may indicate that the changes in the vertebral length are closely linked between these two regions [24] .
CONCLUSION
A morphometrical study of the length, height and width of the successive vertebrae constituting the vertebral axis of Pseudorhombus arsius permits a division of the vertebral column of this species into four morphologically distinct regions and profile of the vertebral column can be drawn accordingly. Differences in development in length of vertebrae in different regions might be behind this regionalization.
